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Question 1 (25 marks) 
The two-dimensional pin-jointed frame ABCDE shown in Figure 01 is pinned to rigid 
foundations at A, B, and C. Two loads are applied to Joint E as shown in Figure Q1. 
All members are made from a steel section with a cross-sectional area of 95cm2. Young's 
Modulus of steel is 200 GPa. Coefficient of linear expansion of steel = 12 x 1 o-s I °C. 
The self-weight of the frame can be ignored. 
a) Determine the nature and magnitude (in kN) of axial force in member BD when the 
frame is loaded as shown and at the same time all members of the frame are 
subject to a temperature rise of 30°C. (14 marks) 
b) Calculate the magnitude and nature of the axial force in each of the remaining 
members of the frame, and clearly indicate these on a diagram of the frame. 
(6 marks) 
c) Calculate the magnitudes and directions of the horizontal and vertical components 
of reaction at Joint A. (2 marks) 
d) Briefly explain the effect on the magnitude of axial force in member BD if the 
temperature rise in member AE is 50°C while the rise in all other members remains 
at 30°C. (3 marks) 
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Question 2 (25 marks) 
The semi-circular two-pinned arch ABC shown in Figure Q2 is pinned to rigid foundations 
at Positions A and C. The flexural rigidity (EI) of the arch rib is constant throughout its 
entire length, and its diameter is 18m. 
The arch supports a single concentrated vertical load of 200kN at its apex (Position B). 
The self-weight of the arch can be ignored in the analysis. 
a) Using an energy method of analysis, calculate the magnitude and direction of the 
horizontal reaction at the support at Position A. (15 marks) 
b) Determine the positions and magnitudes of the maximum hogging and sagging 
bending moments within the arch rib, and the positions of points of contraflexure (if 




One or more of the following relationships may be useful: 
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fCsin Sf 3S s sin 2S = 2 4 
JCcos Sf 3S s sin 2S = + 2 4 
fcos s sin s 3S = (sin S)2 
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Question 3 (25 marks) 
a) Figure Q3a shows a plan view of the general arrangement of columns and simply-
supported beams which support a floor within a multi-storey building 45m long and 
30m wide. Each floor panel is made from a reinforced concrete, two-way spanning 
slab. The thickness of the slab is 180mm. 
The columns are arranged in a uniform rectangular grid so that each individual slab 
panel is 9m x 5m.The mass density of reinforced concrete is 2450kg/m3 . 
Determine the (unfactored) contribution from the self-weight of the concrete to the 
maximum bending moment in beam A, which is at the centre of the floor plan. 
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Figure Q3a 
(12 marks) 
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Question 3 (continued) 
b) The vertical displacement (v) at a distance x from the left-hand support of the 
simply-supported beam when loaded as shown in Figure Q3b is given by 
V = :I X ( ~~ X - ~ ~ + ~ X (X ~ 5)3 ) 
where <p = 0 if 0 ::::; x < 5m , <p = 1 if 5m ::::; x ::::; 8m 





Using this information, determine the magnitude of the vertical displacement (in 
mm) at the position 5m from the left-hand support of the beam shown in Figure Q3c 
when the beam is loaded as shown. 
The value of Young's modulus for the material from which the beam is made is 
200GPa. The value of the second moment of area of the beam about the relevant 
axis of bending is 18000cm4 . The self-weight of the beam can be ignored. 
' 
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Question 4 (25 marks) 
a) A steel tube of length 2.1 m has a rectangular hollow cross-section with overall 
dimensions 150mm x 1 OOmm. The longer sides are 8mm thick and the shorter 
sides are 6mm thick. The tube is rigidly clamped at one end, and a torque is applied 
at its other end. 
The maximum value of torsional shear stress in the tube must not exceed 
150N/mm2 and the shear modulus of the material is 80kN/mm2. 
For each of conditions (i) and (ii) below, determine the value of applied torque (in 
kNm) that would create a maximum value of shearing stress of 150MPa, and the 
angle of twist (in degrees) that occurs under this condition of loading: 
i) torque is applied to the end of the tube in its original condition; (6 marks) 
ii) torque is applied after a 5mm wide strip is cut out and removed from one of 
the longer sides of the tube for its entire length. (6 marks) 
b) A column in a building has a length of 8500mm and can be considered to be fully 
fixed at both its upper and lower ends. The column is made from a steel 
200UC52.2 section. 
The values of Young's Modulus and yield stress for steel can be assumed to be 
200GPa and 300MPa, respectively. 
Using the Perry-Robertson formula below and the data given overleaf, determine 
the maximum compressive load (in kN) that would be permitted within the column. 
a 
'1 = 0.3 x ( l J 2 
100 ryy 
(Terms in the above equations have the same meaning as those given in the 
required textbook "Structural Analysis for Engineers".) 
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Question 4 (continued) 
Data relating to 200UC52.2 section: 
Mass per unit length = 52.2 kg/m 
Depth of Section = 206 mm 
Flange Width = 204 mm 
Flange Thickness = 12.5 mm 
Web Thickness = 8.0mm 
Root Radius = 11.4 mm 
Depth between Flanges = 181 mm 
Torsion Constant = 325 x 103 mm4 
Warping Constant = 166 x 109 mm6 
Cross-Sectional Area = 6660 mm2 
About lxx Axis: 
Second Moment of Area = 
Elastic Section Modulus = 
Plastic Section Modulus = 
About lyy Axis: 
Second Moment of Area = 
Elastic Section Modulus = 
Plastic Section Modulus = 
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